Characteristics of Feed Coal and Particulate Matter in the Vicinity of Coal-fired Power Plant in Cilacap, Central Java, Indonesia  by Lestiani, Diah Dwiana et al.
 Procedia Chemistry  16 ( 2015 )  216 – 221 
1876-6196 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
doi: 10.1016/j.proche.2015.12.044 
ScienceDirect
 ?E6C?2E:@?2=*J>A@D:F>@?AA=:6596>:DECJ *
92C24E6C:DE:4D @7665@2=2?5'2CE:4F=2E6$2EE6C:?E96-:4:?:EJ
@7@2=7:C65'@H6C'=2?E:?:=242A6?EC2=!2G2 ?5@?6D:2
:29H:2?2#6DE:2?:2$F92J2EF?*2?E@D@2*JF<C:2"FC?:2H2E:2 %2E2=:25G6?E:?:2
;@<@'C2<@D@	2
##4+0/#-5%-'#2/'2)8)'/%8"'/4'2(0211-+'&5%-'#2!%+'/%'#/&"'%*/0-0)8"#.#/3#2+	#/&5/)	
/&0/'3+#
#$"$
+96  ?5@?6D:2?8@G6C?>6?E92D =2F?4965 E9656G6=@A>6?E@76=64EC:42=A@H6CA=2?E $.AC@8C2>E@DFAA=JE966=64EC:4:EJ
:? ?5@?6D:2 H9:49 :D 7@4FD65@?4@2=A@H6CA=2?E	 $:?@C2?5EC2466=6>6?E492C24E6C:K2E:@?@74@2= :D6IEC6>6=J :>A@CE2?E E@
2DD6DD E96:CA@E6?E:2= 7@CA@==FE:@?2DH6==2D492C24E6C:K2E:@?@7 E96 7:?6A2CE:4F=2E6D>2EE6C '$	6>:EE65 7C@>24@2=7:C65
A@H6CA=2?EH9:49 4@F=53692C>7F= E@9F>2?962=E9 2?5 6?G:C@?>6?E2=	  ? E9:D DEF5J 492C24E6C:K2E:@? @7 7665 4@2= 2?5 7:?6
A2CE:4F=2E6>2EE6C:?E96G:4:?:EJ@724@2=7:C65A=2?E 2D2?2DD6DD>6?E@76?G:C@?>6?E2=:>A24E@?4@2=4@>3FDE:@?H2D42CC:65
@FE	+96 A2CE:4F=2E6>2EE6CD'$	 H6C64@==64E65:?EH@D:E6D:?E96G:4:?:EJ@7I$.4@2=7:C65A@H6CA=2?E:?:=242A
6?EC2=!2G2	 +967665 4@2=H2D 492C24E6C:K65FD:?8:?DECF>6?E2=?6FEC@?24E:G2E:@?2?2=JD:D %	$6E9@5G2=:52E:@?H2D5@?6
3J 2?2=JD:D @7 DE2?52C5 C676C6?46 >2E6C:2= % *+ *)$ 3 4@2= 7=J 2D9	 +96 496>:42= 4@>A@D:E:@? @7 '$	 92G6 366?
>62DFC65FD:?86?6C8J5:DA6CD:G6/C2J=F@C6D46?46/)	+96G2=:52E:@?@7/)>62DFC6>6?EH2D 2AA=:65FD:?8DE2?52C5
C676C6?46>2E6C:2=% *+*)$:C'2CE:4F=2E6@?:=E6C$65:2	+96C6DF=EDD9@H65E92ED6G6C2=>:?@C2?5EC2466=6>6?ED:?
4@2= H6C6DE:==:? E96C2?86@7@E96CH@C=54@2=D	+966=6>6?E2=4@?46?EC2E:@?@7'$	 6DA64:2==J7@CE96 E@I:46=6>6?ED2DH6==2D
E96>2DD 2?53=24< 42C3@? :? E96G:4:?:EJ@7 E96 4@2= 7:C65A@H6CA=2?EH2D =@H@CH:E9:? E96 C2?86@7 AF3=:D96552E2 7@C 2:C
2>3:6?E:?FC32?2?5CFC2=2C62D	
M  +96FE9@CD	'F3=:D9653J=D6G:6C	-	
'66CC6G:6HF?56CC6DA@?D:3:=:EJ@7)6D62C496?E6C7@C96>:DECJ ?5@?6D:2? ?DE:EFE6@7*4:6?46D	
'8702&3A2CE:4F=2E6>2EE6CEC2466=6>6?ED4@2=7:C65A@H6CA=2?E:=242A6?EC2=!2G2 ?5@?6D:2
@CC6DA@?5:?82FE9@C	+6=	72I	
.#+-#&&2'33 5:295H:32E2?	8@	:5
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of Research Center for Chemistry, Indonesian Institute of Sciences
Available online at www.sciencedirect.com
 Diah Dwiana Lestiani et al. /  Procedia Chemistry  16 ( 2015 )  216 – 221 217
 $" %$ 
+96 :?4C62D:?8 8C@HE9 @7 A@AF=2E:@? 64@?@>J 2?5 :?5FDEC:2= 24E:G:E:6D :?  ?5@?6D:2 C6BF:C6D 2 =@E @7 ?2E:@?2=
C6D@FC46D2?56?6C8J	 ?5@?6D:2? 8@G6C?>6?E92D=2F?4965E967:CDE>682H2EED@76=64EC:4:EJAC@8C2>E@>66E
E96?665D	+967:CDE$.72DEEC24<AC@8C2>H2D4@>>6?465:?2?5H2DD4965F=65E@364@>A=6E653J
	+9:DAC@8C2>H2DDE:==:?4@>A=6E62?5C6A@CE65H@F=536244@>A=:D965:?2?5E96D64@?5$.
AC@8C2>H2DA=2??65 E@364@>A=6E65 :?	+96 7:CDEAC@8C2>4@>AC:D6DA@H6CA=2?E>@DE=J4@2= 7:C65 :?
!2G22?52=:	@2= 7:C65A@H6CA=2?E4@G6CD23@FE@7E@E2=6=64EC:4:EJ86?6C2E:@?42A24:EJ:? ?5@?6D:22?5:E:D
6DE:>2E65E@36:?4C62D65FAE@	+964@?46C?65C6=2E65E@E964@2=4@>3FDE:@?:>A24EE@E966?G:C@?>6?E92G6
E@36A2:54@?D:56C:?8 E96H:56DAC625FD286@74@2= :? ?5@?6D:2	+96AC@46DD@74@2=4@>3FDE:@?7C@>4@2= 7:C65
A@H6C A=2?E AC@5F46>2DD:G6 2>@F?ED @7 42C3@? 5:@I:56 DF=7FC 5:@I:56 ?:EC@86? @I:56D 2?5 A2CE:4F=2E6>2EE6C	
+96D66>:DD:@?D:?4C62D6E962>3:6?E4@?46?EC2E:@?@7'$=6DDE92?	>:4C@?D:?5:2>6E6C'$	@G6C9F?5C65D
E@ E9@FD2?5D@7 <:=@>6E6CD5@H?H:?5@7 E96A=2?ED	IA@DFC6 E@'$	 92D366?2DD@4:2E65H:E942C5:@AF=>@?2CJ
5:D62D6D=F?842?46C2?5?F>6C@FD@E96CC6DA:C2E@CJ:==?6DD6D	+964@?46?EC2E:@?@76=6>6?EDDF492D>6C4FCJ=625
425>:F>2CD6?:4 49C@>:F>2?5@E96C 92K2C5@FD6=6>6?E D9@F=536>@?:E@C65	+969:894@?46?EC2E:@?@7 962GJ
>6E2=D:?E967:?6A2CE:4F=2E6>2EE6C4@F=53692C>7F=E@9F>2?962=E9	
+966>:DD:@?C6=62D657C@>4@2=7:C65A@H6CA=2?EG2CJ56A6?5:?8@?E964@2=BF2=:EJ4@>3FDE:@?E649?:BF6D2?5
4=62?:?8>6E9@5D	 >:DD:@? @7 4@2= 7:C65 A@H6C A=2?E 42? 36 D:8?:7:42?E=J C65F465 FD:?8 A@==FE:@? 4@?EC@=DH:E9
25G2?465 4@>3FDE:@? E649?@=@8:6D DF49 2D =@H%&I 3FC?6C 6=64EC@DE2E:4 AC64:A:E2E@C *' 2?5 7=F6 82D
56DF=7FC:K2E:@?	 +96 *':DFD652D27:CDEA2CE:4=6C6>@G2=E649?:BF627E6C3@:=6C42?42AEFC62>2;@CA2CE@7
E96 A2CE:4=6D	 +96  42? C65F46 DF=7FC 5:@I:56 6>:DD:@? 3J  C6DF=E:?8 :? DF3DE2?E:2= 9F>2? 962=E9 C:D<
C65F4E:@?	 +96D6 E649?@=@8JH6C6 ?@E :?DE2==65 :?>@DE @7 4@2=7:C65 A@H6C A=2?E :?  ?5@?6D:2 @?=J  4@2= 7:C65
A@H6C A=2?E 2C6 C6A@CE65 E@ 92G6 	 =E9@F89 7@C E96 ?6H A@H6C A=2?E H2D 56D:8?65 E@ 36 6BF:AA65 H:E9
DFA6C4C:E:42= 3@:=6C 2?5 E@ C65F46 E96 6>:DD:@?D	+96 DJDE6>D 4@F=5 C2?86 7C@> :? 7FC?246 4@?EC@= G:2
=:>6DE@?6:?;64E:@?H6ED4CF33:?8@77=F682DE@42AEFC:?8*& :?E967=F682DE9C@F89:?5FDEC:2=AC@46DD6D	C62E6C
2H2C6?6DD@74@2=7:C65A@H6CA=2?ED:>A24E:?E96DFCC@F?5:?86?G:C@?>6?E:D?66565	+96C62C6=:>:E65?F>36CD@7
AF3=:42E:@?DC6=2E652DD6DD>6?E@76?G:C@?>6?E2= :>A24E 7C@>4@2=7:C65A@H6CA=2?E :?  ?5@?6D:2H:E9C6DA64E E@
E96 496>:42= 4@>A@D:E:@? @7 E96 7:?6 A2CE:4F=2E6 >2EE6C	  ? E9:D DEF5J 492C24E6C:K2E:@? @7 7665 4@2= 2?5 7:?6
A2CE:4F=2E6>2EE6C:?E96G:4:?:EJ@724@2=7:C65A=2?E 2D2?2DD6DD>6?E@76?G:C@?>6?E2=:>A24E@?4@2=4@>3FDE:@?
H2D42CC:65@FE	+96@3;64E:G6D@7 E9:DDEF5J2C6 E@AC@G:56492C24E6C:DE:4@76=6>6?E2=4@?46?EC2E:@?D@7 76654@2=
FD65 :? E96 4@>3FDE:@? 2?5 7:?6 A2CE:4F=2E6 >2EE6C 6>:EE65 7C@> 4@2=7:C65 A@H6C A=2?E E@ E96 DFCC@F?5:?8
6?G:C@?>6?E	
 '!"$$ #

	 !#.1-+/)
+96D2>A=:?8@77:?6A2CE:4F=2E6>2EE6CH2D42CC:65@FEEH:46:?A@H6CA=2?E724:=:EJ:?:=242A6?EC2=!2G2@?
!F?6 	 +9:D A@H6C A=2?E 86?6C2E6D I $. 6=64EC:4:EJ 42A24:EJ	 +96 7F6= FD65 2E E96 A@H6C A=2?E :D
 ?5@?6D:2?DF33:EF>:?@FD4@2=	+964@2=4@?DF>AE:@?H2D@?2G6C286E@?
52J	+96A@H6CA=2?E:DD:EF2E65:?
"2C2?8<2?5C:G:==286:8		*2>A=:?87@C7:?6A2CE:4F=2E6>2EE6CH2D5@?6FD:?86?EDE24<657:=E6CF?:ED2>A=6C	
*2>A=6D H6C64@==64E657@C9@FCD2E2 7=@HC2E6@7 P #
>:?	:CDED2>A=:?8=@42E:@?H2DD6E@?E964@2=7:C65
A@H6CA=2?E724:=:EJD:E6	*2?5	@?E963F:=5:?8:?DFCC@F?5:?82C627C@>E96A@H6CA=2?E2?5
E96D64@?5D:E6H2D<>2H2J7C@>E967:CDED:E62DD:>F=2E65E96>2I:>F>:>A24EK@?6@76>:DD:@?2EE968C@F?5
=6G6=	
218   Diah Dwiana Lestiani et al. /  Procedia Chemistry  16 ( 2015 )  216 – 221 
:8		6@8C2A9:42==@42E:@?@74@2=7:C65A@H6CA=2?E:?:=242A6?EC2=!2G2 D@FC46>2A	8@@8=6	4@>


 /#-84+%#-
+9676654@2= H2D 492C24E6C:K65FD:?8:?DECF>6?E2=?6FEC@?24E:G2E:@?2?2=JD:D %	 *2>A=6DH6C6:CC25:2E65
:? C233:E DJDE6>@?+%>F=E:AFCA@D6 C6D62C49 C624E@CH:E9?6FEC@? 7=FIL ?	4>	D E96?4@F?E65FD:?8
'656E64E@C	$6E9@5G2=:52E:@?H2D5@?63J2?2=JD:D@7DE2?52C5C676C6?46>2E6C:2=% *+*)$34@2=7=J
2D9	 +962?2=JE:42= C6DF=EDAC6D6?E65 :? E9:DA2A6C2C632D65@?2?2=JD:D :?5FA=:42E6 7@C6249D2>A=6D 7@C 7665
4@2=3FE@?=JE962G6C286D@7E962?2=JE:42=C6DF=ED:DAC6D6?E65	+96>2DD4@?46?EC2E:@?@77:?6A2CE:4F=2E6>2EE6C
H6C6 56E6C>:?65 3J H6:89:?8 E96 7:=E6CD 367@C6 2?5 27E6C 6IA@DFC6  E96? 5:G:565 3J E96 G@=F>6 @7 2:C A2DD:?8
E9C@F89E967:=E6CE@@3E2:?E964@?46?EC2E:@?@7'$	 2?5'$ O8
>	+964@?46?EC2E:@?@73=24<42C3@?@7
E96 D2>A=6D :D 56E6C>:?65 3J C67=64E2?46 >62DFC6>6?E FD:?8 2? # >@56=  D>@<6 DE2:? C67=64E@>6E6C	
*64@?52CJ DE2?52C5D @7 <?@H? 3=24< 42C3@? 4@?46?EC2E:@?D 2C6 FD65 E@ 42=:3C2E6 E96 C67=64E@>6E6C	 +96 496>:42=
4@>A@D:E:@?@7'$	 92G6366?>62DFC65FD:?86?6C8J5:DA6CD:G6/C2J=F@C6D46?46/)	+96G2=:52E:@?@7
/)>62DFC6>6?EH2D2AA=:65FD:?8DE2?52C5C676C6?46>2E6C:2=% *+*)$:C'2CE:4F=2E6@?:=E6C$65:2	
 #%$##%## 
	 5#-+48#3352#/%'
@C 2?2=JE:42= FD:?8  % 2?2=JD:D H2D 5@?6 FD:?8 % *+ *)$ 3 4@2= 7=J 2D9 H9:=6 7@C /) >6E9@5
G2=:52E:@?H2D5@?63J2?2=JD:D % *+*)$:C'2CE:4F=2E6@?:=E6C$65:2	+96C6DF=E@72?2=JD:DH2DD9@H?
:?:8	+96D6C6DF=ED D9@H658@@528C66>6?EH:E9E9646CE:7:42E6G2=F6	
 Diah Dwiana Lestiani et al. /  Procedia Chemistry  16 ( 2015 )  216 – 221 219
 
:8		2?2=JD:D@7% *+*)$34@2=7=J2D93?2=JD:D@7% *+*)$:C'2CE:4F=2E6@?:=E6C$65:2

0#-%*#2#%4'2+34+%3
$:?@C2?5EC2466=6>6?E492C24E6C:K2E:@?@74@2=:D6IEC6>6=J:>A@CE2?EE@2DD6DD2?5>@56=4@2=4@>3FDE:@?2?5
E96 A@E6?E:2= 7@C A@==FE:@?	 +96 7665 4@2= 7@C A@H6C A=2?E :? :=242A H2D DFAA=:65 H:E9 4@2= 7C@> *F>2E6C2	
@>A2C:D@?52E2@74@2=7C@>*F>2E6C2FE494@2=A@H6CA=2?EFD6576654@2=2?25:2?4@2=,*4@2= 2?5
@E96CH@C=5 4@2= H6C6 C6DF>65 :?+23=6	  ?86?6C2= E96 6=6>6?E2= 4@?46?EC2E:@? :? 7665 4@2= 7C@>4@2=7:C65
A@H6CA=2?E:?:=242A2C6=@HH:E9:?C2?867@CH@C=54@2=	+964@?46?EC2E:@?D@72CD6?:42C6=@H6CE92?2?25:2?
4@2=	+96=@H6C2CD6?:44@?46?EC2E:@?:?E9676654@2=7C@> ?5@?6D:2?:DA@DD:3=JC6=2E65E@AJC:E6D:?462?:?4C62D6
:?4@?46?EC2E:@?@7AJC:E:4DF=A9FC:D244@>A2?:653J2?:?4C62D6:?2CD6?:44@?46?EC2E:@?	CD6?:4:D@7E6?:?D@=:5
D@=FE:@?H:E9AJC:E6	+964@2=7C@>*F>2E6C2H2D=@H:?AJC:E:4DF=A9FC4@>A2C65E@@E96C4@2=	+9623F?52?46
@7 D6G6C2= 6=6>6?ED :? 7665 4@2= D2>A=6D :D :? E96 =@H6CA2CE @7 E96H@C=5 C2?86	@>A2C:D@?D D9@H? :?+23=6
C67=64E H6== @? 56D:C23:=:EJ @7 E9:D 4@2= 7@C A@H6C A=2?E FD6 H9:49 =@H 23F?52?46 :? D6G6C2= >:?@C 2?5 EC246
6=6>6?ED	
+23=6	+C2462?5>:?@C6=6>6?ED4@?46?EC2E:@?:?76654@2=>8
<87C@> ?5@?6D:2A@H6CA=2?E2?5@E96C4@>A2C:D@?
=6>6?E +9:DDEF5J  ?5@?6D:2?
@2=
2?25:2?
4@2=
FE49 FD65
76654@2=
,*
4@2=
.@C=5
4@2=
D 	N	 	 P 	 	 P  	N	  	 P 
2  N  P  	 P  N  P 
6 	 N	 N
@ 	 N	 	 P 	 	 P 	 	N	 	 	 P 
C 	 N	 	 P 	 	 P 	 N  	 P 
#2 	 N	 N
$?  N 	 P  	 P  N   P 
*3 	N	 	 P 	 	N	 	 	 P 
*4 	 N	 	 P 	 	N	
*> 	 N	 	 N	
+9 	 N	 	 P 	 	 P 	 	N	 	 P 
, 	 N	 	 P 	 	 P 	 	N	 	 	 P 
-  N 	 P 	 	 P  N  P 
1?  N 	 P 	 	 P 	 N  P 
220   Diah Dwiana Lestiani et al. /  Procedia Chemistry  16 ( 2015 )  216 – 221 

#33 $-#%,%#2$0/#/&'-'.'/4#-%0/%'/42#4+0/3
,D:?8D:>F=2E:@?@7*4C66?D@7EH2C67@CE9652E2@7DE24<FD65:?:=242A4@2=7:C65A@H6CA=2?EE96>2I:>F>
:>A24EK@?6:D@?E96C2?86@7 P >7C@>E96A@H6CA=2?E	+964@?46?EC2E:@?@76=6>6?ED6>:EE65E@E96
2E>@DA96C63J E96A@H6CA=2?EH6C6>62DFC655@H?H:?5 7@C2>2I:>F>5:DE2?46@7<>H9:49 :D E96K@?6@7
>2I:>F> :>A24E2E8C@F?5 =6G6=32D65@?DE23=6>6E6@C@=@8:42=4@?5:E:@?D	:CDE D2>A=:?8D:E6DH2D@?3F:=5:?8
DFCC@F?5:?8 E96 A@H6C A=2?E 2?5 E96 D64@?5 H2D  <> 2H2J	 +96 2G6C286 >2DD 4@?46?EC2E:@? :? '$	 H2D
	N	 O8
> H9:=6 7@C 3=24< 42C3@? H2D 	N	 O8
>	 +96D6 G2=F6D H6C6 =@H @C H:E9:? E96 C2?86 @7
AF3=:D96552E27@C2:C2>3:6?E:?FC32?2?5CFC2=2C62D:?!2G2 D=2?5DDF492D 2?5F?8!2<2CE22?5*6CA@?8	
+962G6C2864@?46?EC2E:@?D@7'$	 :?2?5F?8!2<2CE22?5*6CA@?8H6C6	N		N	2?5	O8
>
C6DA64E:G6=JH9:=67@C3=24<42C3@?H6C6	N		N	2?5	O8
> C6DA64E:G6=J	+96?2E:@?2=2>3:6?E2??F2=
2G6C286DE2?52C57@C'$	 :DO8
> 2?5E96.&8F:56=:?6:DO8
>	@>A2C65H:E9E96D:>F=2E:@?>@56=
7@C6>:DD:@?7C@>A@H6CA=2?E:? ?5:2FD:?8E96AC6567:?65496>:42=>6492?:D>:?$IE92EE964@?46?EC2E:@?
@7'$	 5F6E@E96A@H6CA=2?E6>:DD:@?E964@?46?EC2E:@?:D@?=J	O8
>	
+966=6>6?E2=4@?46?EC2E:@?:?'$	 2C6D9@H?:?E96H9:D<6C3@IA=@ED@7:8		 $:?@C6=6>6?EDDF492DC
$?%:'3+: 2?51?QD 2G6C286 4@?46?EC2E:@?H6C6	N	 	N	 	N		N	 	N	 2?5
	N	?8
>	+96:>A24E@76=6>6?ED:?E96G:4:?:EJ@7E96A@H6CA=2?E:D=@H@CH:E9:?E96C2?86@7AF3=:D965
52E27@C2>3:6?E2:C:?FC32?2?5CFC2=2C62D	+964@>A2C:D@?36EH66?E96D6AF3=:D96552E2H6C6C6DF>65:?+23=6
	 +969:89 5:776C6?4636EH66?7:CDED2>A=:?8D:E62?5E96D64@?5D:E6H2DD9@H?:?4CFDE2=6=6>6?EDDF492D=*:
2+:62?51?H9:49H6C6		E:>6D9:896C	
+23=6	62GJ>6E2=D4@?46?EC2E:@?:?7:?6A2CE:4F=2E6>2EE6CD4@==64E65:?E96G:4:?:EJ@74@2=7:C65A@H6CA=2?E2?54@>A2C:D@?H:E9
@E96CFC32?2?5CFC2=2C62D 3J@E96CDEF5:6D
=6>6?E +9:DDEF5J 2?5F?8 !2<2CE2 *6CA@?8
C 	N	 	N	 	N	 
$? 	N	 	N	 	N	 
%: 	N	  	N	 
'3 	N	 	N	 	N	 
+: 	N	 	N	 	N	 
1? 	N	 	N	 	N	 
=6>6?E

@?
46
?E
C2
E:@
?
?
8

>

= 2 @ C 6 " $8 $? %2 %: '3 * *: +: 1?






:8		.9:D<6C3@IA=@E@76=6>6?E2=4@?46?EC2E:@?D:?'$	
  %# #
+96 AC6D6?E C6DF=ED :?5:42E6 E92E E96 4@?46?EC2E:@?D @7 >:?@C 2?5 EC246 6=6>6?ED :? 7665 4@2= FD65 :? :=242A
A@H6C A=2?E 2C6 =@H @C H:E9:? E96 C2?86 7@C H@C=5 4@2= 6G6? 7@C D@>6 92K2C5@FD 6=6>6?ED DF49 2D 2CD6?:4 2?5
2?E:>@?JH6C6 =@H6C E92?@E96CD	+966=6>6?E2=4@?46?EC2E:@?D :?'$	 6>:EE657C@>A@H6CA=2?E2E E96K@?6@7
 Diah Dwiana Lestiani et al. /  Procedia Chemistry  16 ( 2015 )  216 – 221 221
>2I:>F>:>A24E2?52E8C@F?5=6G6=2C6=@H6CE92?E96?2E:@?2=2>3:6?EDE2?52C52?5.&8F:56=:?6D2?52=D@
=@H4@>A2C65E@E962>3:6?E4@?46?EC2E:@?D:?6:E96CCFC2=@CFC32?2:C:?!2G2 D=2?5	
 &$#
+96 2FE9@C E92?<D E@ E96>2?286>6?ED@7 E964@2=7:C65A@H6CA=2?E 7@C E96:CG2=F23=696=AH:E9D2>A=:?8 E96
=23@C2E@C:6D@7?F4=62C2?2=JE:42=C25:@>6ECJ7@C96=A:?AC6A2C2E:@?D2>A=:?82?52?2=JK:?8	
"#
	 '#%9EEA

HHH	A=?	@C	:5 2446DD65@?!2?F2CJ
	 $@49*@7J2?	'#%#@?8+6C>=64EC:4:EJ'=2?	'C6D6?E2E:@?:?! +@<J@$2C49	
	 @C5@32'&49@2@?K2=6D)@?E&  KBF:6C5@$(F6C@=/ #6:G2#@A6K?E@?$:2K*@>@2?:$$2CE:?6K+2C2K@?2$)
6C?2?56K+@>2D	'2CE:E:@?:?8@7 EC246 :?@C82?:46=6>6?ED :?4@2=7:C65A@H6CA=2?E6BF:AA65H:E92H6E7=F682D56DF=A9FC:K2E:@?
DJDE6>	 5'- 

	 6=3=6!!	>@56=7@CE962:C6>:DD:@?D@7EC246>6E2==:46=6>6?ED7C@>4@2=4@>3FDE@C6BF:AA65H:E96=64EC@DE2E:4AC64:A:E2E@CD	 5'-20%
"'%* 
	 "*22C?:@??2C6J!2C<<@-%:6>::=<<2+:>@?6?+@A:)@?<<@'2?F"2C;2=2:?6?$:<2-6DE6?:FD":>>@+6:?:=2#:DD2':C;@=2-:==6
%:6>6=2!@C?2>"6D<:?6???22JC:?6?):DE@:==2>@	96>:42=4@>A@D:E:@?2?5D:K6@7A2CE:4=6D :?6>:DD:@?D@724@2=7:C65A@H6C
A=2?EH:E97=F682D56DF=7FC:K2E:@?	 '20!%+ 
	 @@52CK:F88:?D*2?6:	DD6D>6?E@76=6>6?EDDA64:2E:@?@7DC%:2?56>:EE6587@C22?25:2?A@H6CA=2?E3FC?:?8
3:EF>:?@FD4@2=	 /4 0#-'0- 
	 %J@>2?*"F>2C2	*EF5J@?2DE+C24<'C@8C2>	$.4@2=A@H6CA=2?E	 ? ?5@?6D:2?!@FC?2=+6<?@=@8:=6<EC@	
	 @A<6'"/:60)2F?6>22+:682=D<:*#2?5D36C86C*$26?92FE.CE2I@'@96?	 92C24E6C:K2E:@?@7E9686?EDE24<657:=E6C
F?:E'$ D2>A=6C	 '2030-!%+"'%* 
	 :29H:2?2#6DE:2?:$F92J2EF?*2?E@D@?92?4:?8#23@C2E@CJ?2=JE:42=2A23:=:EJ 7@C@>A@D:E:@??2=JD:D :?:C3@C?6'2CE:4F=2E6
$2EE6CD 3J ?6C8J:DA6CD:G6/C2J =F@C6D46?46 /) 'C@4665:?8 @7%2E:@?2= *6>:?2C @?%F4=62C?2=JE:42= +649?:BF6 
2?5F?8&4E@36C	
	  6=<:? *! +6H2=E ! @H6C ! *EF4<6C !$" &Q"6676	 6@496>:DECJ 2?5 A6EC@=@8J @7 D6=64E65 4@2= D2>A=6D 7C@> *F>2E6C2
"2=:>2?E2?*F=2H6D:2?5'2AF2 ?5@?6D:2	 /4 0#-'0- 
	 )$6:;E.:?<6=	+966>:DD:@?D2?56?G:C@?>6?E2=:>A24E@7'$2?5EC2466=6>6?ED7C@>2>@56C?4@2=7:C65A@H6CA=2?E6BF:AA65
H:E9*'2?5H6E	 5'-20%"'%* 		
	 :?<6=>2? )	 +C246 2?5 >:?@C 6=6>6?ED :? 4@2=	  ? ?86= $ $24<@ * 65:E@CD	 2)#/+% '0%*'.+3428	 H0@C<'=6??F>
'C6DD	A	
	 *H2:?6!	+C2466=6>6?ED:?4@2=	#@?5@?FEE6CH@CE9D
	 2G:5D@?)$	$@56D@7&44FCC6?46@7+C246=6>6?ED:?@2=	 ?E6C?2E:@?2=?6C8J86?4J 	)6A@CE
	
	 *2?E@D@$@A<6'":52J2E#6DE:2?:	 *@FC46:56?E:7:42E:@?@72E>@DA96C:426C@D@=2EFC32?2?5DF3FC32?D:E6D:? ?5@?6D:23J
A@D:E:G6>2EC:I724E@C:K2E:@?	 !%+'/%'"04 /6+20/	 
	
	 *2?E@D@ $ #6DE:2?: ?5C62D$2C<H:EK	 92C24E6C:K2E:@?@72:C3@C?6A2CE:4F=2E6>2EE6C4@==64E652E!2<2CE2C@25D:56@72?2CE6C:2=C@25
 #&+0#/#-5%-*'. 
	
	 *2?E@D@$#6DE:2?:):E2$DC@>2=:>29 *$2C<H:EK@A<6'"	 'C6=:>:?2CJDEF5J@7E96D@FC46D@72>3:6?E2:CA@==FE:@?:?
*6CA@?8 ?5@?6D:2	 4.030--54 '3 
	 FEE:<F?52*"!2H292C'	E>@DA96C:46>:DD:@?D2?5A@==FE:@?7C@>E96 4@2=7:C65A@H6CA=2?ED:? ?5:2	 4.03/6+20/ 

